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ABSTRACT 

An  apparatus  is  described  for  obtaining  extremely  nigh 
precision  vapor  pressure  data  baaed  on  the  Jlmdsec  effusion  me¬ 
thod.  The  element  Cd  has  been  'used  to  test  the  apparatus  before 
proceedij^;  vith.  the  investigation  of  certain  alloys .  The  data 
obtained  from  this  investigation  including  the  beat  of  rapori ra¬ 
tion  if  Cd  are  reported  herein. 


Reproduction  In  whole  or  in  part  is  permitted  fcr  any  purpose 
of  the  United  States  Guvirremnt. 
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This  report  describes  apparatus  vtilch  has  been  oorstr-^rted 
la  order  to  measure  the  vapor  pressures  of  metals  alloys  by  the 
Knudsen  effusion  method.  The  reliability  of  the  apparatus  has  been 
established  by  delerxlalag  the  vapor  pressure  of  solid  Cd.  Z^jete 
measurements  are  believed  to  be  the  moat  precise  yet  made  by  the 
Xaudsen  seihod. 

ZgPSRIXBftAL 

The  collate  cell  is  shown  is  Tig.  1.  The  body  is  narMTffd 
from  solid  x/z"  tantalum  rod.  The  cap,  which  contains  the  effusiom 
orifice.  Is  made  by  welding  a  shallow  molybdenum  cup,  dream  from  A 
mil  molybdenum  foil,  to  a  threaded  tantalum  rlr^.  The  center  of  the 
cup  la  dimpled  with  a  sharp  punch  and  this  protrusion  is  ground  off 
leaving  an  orifice  with  a  knife  edge  perimeter  as  may  be  seer  ir 
Tig.  2.  which  is  a  photomicrograph  of  am  actual  orifice  in  cross 
section.  The  orifice  area  is  determined  by  projecting  its  image 
onto  the  ground  glasrf  screen  of  a  Vickers  metallograph  and  making 
several  tracings  at  various  magnifications.  The  magnification  is 
determined  for  each  separate  setting  of  the  metallograph  with  a 
stage  micrometer.  The  area  of  the  tracing  is  determined  either  by 
transf ering  the  outline  to  graph  paper  and  counting  squares  or  with 
a  planimeter.  The  precision  of  this  determinaticu  is  indicated  by 
the  sample  results  given  in  table  1. 


Table  1.  Orifice  Area  Measurements 


Area  of 
Tracing  (ca?) 

Magnification  Actual 

Orifice*  Area 
_ (<**) _ 

(  dev. 
Tram  at. 

Method 

*5.10  “ 

4.786  x  IO- ’ 

0.25 

Flirt  eimeter 

^6.22 

.  317-0 

*.796  - 

0:00 

Graph 

*7.93 

315.7 

*.805 

0.23 

Plalmlmetnr 

*7-80 

315-5 

*-799 

0.02 

Plaint  meter 

At.  . 

.*.796  x  10-* 

At.  .0.12 

The  orifices  used  In  this  investigation  are  believed  asms  the 
smallest  ever  to  be  reported.  It  is  therefore  quite  certain  that 
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vtjere  A  is  the  area  of  toe  orifice  in  car2,  ?  is  the  teaperit «re  in 
°K,  anl  M  is  the  atomic  veight  of  the  effusing  species.  A  photo¬ 
micrograph  of  an  actual  orifice,  i.e.Fig.  2,  pern its  an  estimation 
of  the  thickness  of  the  perineter .  ?or  this  particular  orifice, 
which  is  believed  to  be  representative ,  the  edge  thickness  is  es¬ 
timated  to  be  0.00016”  and  consequently  the  Clausing  factor  is 
equated  to  one.  live  vascertainty  involved  in  this  approximation 
cannot  alter  the  absolute  values  of  the  vapor  pressures,  subse¬ 
quently  to  be  given,  by  more  than  one  percent. 

The  experimental  procedure  is  as  follows:  The  Ta  cell 
and  cap  are  first  cleaned  »ntl  ignited  to  a  dr'll  red  beat  in  vacuo 
for  several  minutes.  After  cooling  the  cell  is  loaded  with  two 
pieces  of  Bakers  reagent  grade 04  -weighing  about  ten  gr earn.  The 
cell  is  weighed,  inserted  into  the  vacuum  chamber  imediately 
connected  to  the  vacuum  system.  The  system  is  then  otztgassed  far 
sixteen  hours  with  the  cell  held  at  a  teaqaerature  of  8cPc.  Che 
effusion  run  ccBaaences  -with  ube  furnace  being  quickly  raised  to  a 
position  which  iaaaerses  the  cell  to  a  depth  of  ten  inches.  Vacuum 
and  temperature  readings  are  taken  a  four  minute  intervals  until 
the  equilibrium  pressure  and  temperature  axe  achieved.  After  which 
the  Philips  gauge  is  excluded  from  the  system  and  temperature  read¬ 
ings  are  continued  at  thirty  minute  intervals.  The  experiment  in 
concluded  by  dropping  the  furnace  and  rapidly  cooling  the  cell  by 
It  i  n T sj.  t!n  vacuum  dumber  in  cold  water.  The  temperature  falln 
100° C  within  a  minute  after  the  furnace  is  lowered  and  there  is, 
therefore,  essentially  no  error  arising  from  the  terminations  of  the 
run. 

There  is  considerable  error  introduced  by  thermal 
during  the  initial  period  of  the  run^  The  lag  varies  with  the 
temperature  of  the  furnace  and  the  heat  capacity  of  the  cell 
contents.  However,  as  the  tanperature  of  the  cell  is  known  of 
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each  instant  hnjn^irical  formula  nay  be  applied  to  correct  for  ^ 
the  Initial  departure  from  thermal  equilibrium,  A  schematic  ver- 
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sice  of  a  typical  tiae-tes^TTEture  cuarre  :i  chon;  ic  TLf.  4. 
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(Bee  Fig.  4),  ic  eoa^uactioe  vj.tt  tie  total  eeififet  effused  ud 

tie  xiae  iaterral  t  -  t  .  3?ic  yields  a  cc—sfcat  4-5  ,gb  ralie 

t  e 
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The  data  including  the  corrected  pressures  are  given  in  Table  2. 
These  data  represent  all  the  aeasurcaents  aade  but  one .  which 
was  clearly  in  error. 


T°X 

Table  2. 

Orifice  Area 
(cm2  X  10”3) 

Cd  Vapor 

Total 

Weight 

Loss(ag) 

Pressure 

Corr. 

Weight 

i°*8(as) 

t  _  -  t 
f  e 

Sec.xlO4 

Pressure 
(an  x  10" 

zfl8(r.c.) 

~) 

1*97-1 

2.483 

2.26 

2.736 

1.254 

26.  J2 

508.1 

2.483 

2.93 

2.77 

2.242 

26.82 

pip.  7 

0.4799 

5-35 

*-73 

.1-950  . 

4.oe8 

26.82 

527.6 

2.483 

1.38 

1.22 

1.812 

5-915 

26.82 

5?7-4 

2.483 

is.  95 

17-54 

2.820 

9-348 

26.81 

Si 

0.4799 

3.24 

3-02 

1.644 

17-02 

26.83 

The  enthalpy  of  vaporization  at  CPX,  £HS  i*  determined  by  solv¬ 
ing  eq.  5 

5-  AH 8  =  -2-303  HT  [log  P  -Va  log  T  +  B  -  4.369] 

T .  T 

where  B  3  J  jgz”  J  Cp(T)dT 

o  o 

Although  values  are  to  be  found  elsewhere  in  the  literature1,  the 
present  authors  recalculated  B  Mating  use  of  the  nore  recent  beat 
capacity  data  of  SKLth  and  Walcott2  and  Craig  and  Co-workers.3 
Above  300°C  the  equation  given  for  the  heat  capacity  by  KUbaachevaki 
and  jfivana4  was  used.  The  results  of  these  calculations  at  the  per¬ 
tinent  temperatures  one  given  in  Table  3- 
Table  3- 


T°K 

B 

497.1 

2.222 

506.1 

2.249 

5L9.7 

5  2.277 

527.6 

2.295 

557.4 

2.319 

550.9 

2.350 

The  enthalpy  of  vaporization  is  lOcal.  leas  at  298. 2°K  than  at  CPZ 
thus  a  value  o?  26.81  +  0.01  K.Cal  is  obtained  for  £8°2se.  This 
figure  is  conpared  with  other  critically  selected  values  In  Table  4. 


Table  4.  Thrthalpy  of  Vaporization  of  03 


^B°  296 
26.61  4-  0.01 

26.78  +  0.05 
26.75  +  0.05 


Inference 
.  this  vork 

"Selected  Value*  etc."5 
Babascbewskl  asd  2rass4 


27.01  lelley® 

There  Is  ao  srrallatle  nethod  for  checking  lie  accuracy 

«rT 

of  the  absolute  Magnitude  of  the  vapor  pressure.  However,  jin  the 


case  of  Cd  the  experimental  results  for  the  liquid  phase  are  is 
good  agreement.  The  value  of  the  vapor  pressure  at  the  melting 
paint  gives  by  the  nost  recent  ccB^lIatloi,  ’Selected  Values  etc.  * 
is  I.56  x  10"*  atm.  surd  1.29  x  ID*’’  ata  is  He  value  obtained  by 
extrapolating  the  data  r^orted  here._^ 

As  the  results  ol  this  investigation  are  is  good  agree¬ 


ment  with  other  previously  reported  values  so  effort  was  sade  to 
tabulate  free  energy  functions  which  would  only  duplicate  those 
already  is  existence. 
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